Static Strength of Rivets Subjected to Combined Tension and Shear by Cox, Hugh Lenneous & Munse, W.H.
~ 
\0 
I 2..'i A 
~~~INEERING STUDIES 
STRwqlIRAL RESEARCH SERIES NO. 22 
c.,ea ~ I c.. 
STATIC STRENGTH OF RIVETS 
SUBJECTED TO COMBINED TENSION AND SHEAR 
S 
0 
0::: 
0 
..... 1 f : -.: p.-;! 
4-! 0 
81 \ 0 ::j ~ r-:l 
5\ ~ H r~ 8( ~1 H" 0 H! ~ &:: ..::.. 9 
8 
£2 
t: 
E-\ 
()) 
r~ 
~ ... 
h :..... ! '; 
c~ 
Z 
~-I 
c.'J 
...". 
~~l 
f-l 
14 
., 
~-.! 
0 
A 
0 
...-,. 
...... 
!-;! 
I-:l 
...... 
H 
:-":.J 
b 
~ r:-~ 
j--; 
\.;'1. 
~~~ 
~ 
S. II 
By 
H. L. COX 
and 
w. H. MUNSE 
UNiVERSITY OF ILLINOIS 
URBANA, ILLINOIS 

STATIC STMNGTH OF· RIVETS SUBJECTED TO 
COMBINED TENSION AND SHEAR 
-
by 
H. L. Cox and W. H. Munse 
., .-- ~ ""- . 
A Progress Report of an Investigation conducted by 
THE· UNIVERSITY OF ILLINOIS ENGINEERING EXPERIMENT STATION 
in cooperation with 
THE RESEARCH COUNCIL ON RIVETED AND BOLTED STRUCTURAL JOINTS 
arid 
THE ILLINOIS DIVISION OF HIGHWAYS 
Project III 
Urbana, Illinois 
January 1952 

TABLE OF OONTENTS 
Io Introduction 
1. statement of the Problem 0 • • 0 • • , 1 
2. Object and Scope of the I~vestigation. 0 o .0. 0 3 
.4 3. Acknowledgments. ~ . . . . . . 
II. Desoription of Test Specimens and Equipment 
4. Description of Test Speoimens .. . . . . . . 
5. 
6. 
Description of Equipment 0 o • ~ 0 0 0 
Details of Test Programs . Q 0 0 0 
III 6 Preliminary Tests 
7. Effect of Rivet Material • 0 • G • 0 
8" Effect of ·Driving Time, Soaking Time and Furnace 
. • . 6 
8 
9 
• 0 .. 12 
Temperature •• * • 0 A 0 0 0 b ~ •• ~ .. 0 0 ~ 0 14 
9· Variation in Ultimate Strength with Shear-Tension 
Ratio. " .. 0 .:Qt .... O ......... 090 0 o 0 15 
IV. Results of Primary Tests 
10. Results of Tests Q 6 •• 0.~.lt •• O.OO.G.O 19 -
llQ Load Elongation Data at Various Shear-Tension Ratios . 19 
V. Analysis of Test Results 
12. Effect of Shear-Tension Ratio. 
· 
. q 4 . A 0 20 
13. Effect of Grip 0 0 . . 0 . 
· 
0 . . .. 23 
14. Effect of Rivet Manufacture and Fabrication. 24 
15. Effect of Rivet Diameter . 
· 
., 25 
VI. Summary of Results 
16. Summary of Results and Conclusions , .. u •••• 0 • 27 

li. 
LIST OF TABLES 
Table No. Title 
1 Chemical Composition of Rivet Staels 0 0 0 0 0 • 0 0 • ~ 30 
2 M~chanioal Prop~rties of Rivet Material !efor$ Driving 31 
3 Outline gf Primary Test Program. 0 • • • 0 • .. 32 
4 R,esul ts of Tests of 7/8-ino RiIlJlled, Killttd, and Semi-
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Killei Ri V6its. 0 • 0 .. • • 0 0,. • • o. 0 • 0 0 0 • 33 
The Effeot of Driving Time, So&king Time and 
T.mperature on the Ultimate Strength of ~immed St~~l 
pti v~ts 0 • .- 0 • 0 • 0 0 " 0 
Results of Preliminary Tests At Various Shear-Tension 
Ratios 9 . . . .. . . 0 . • .. 
· · 
0 ., 
· 
Summary of Test Rsaults of Series 1. • 
· 
SUIllIDary of Test Results of SBrias 20 0 0 co 
· 
0 
· 
Summary of Test E\ssults of Series 30 0 0 0 
Summary of Test Results of S~ries 4. 
· 
.. .. .. 
Summa.ry of Tsst ~etsults of Series 5. 0 • .. .. .. 
Summary of Test Results of Seri~s 6. 0 
· 
Summary of Test Results of Series 9· 
· 
0 0 0 D 
· 
Summary of Test Re~ults of Seri6s 10 
· · 
v I) 
· 
<> 0 0 
Average Interac'tion Data for All Serias mf Primary 
Test Program 
" · 
0 0 .. .. 
· 
. 0 
Comparison -of Test DAta. -With Elli~se ~as'ed on Rivet 
Tensile strength. . . .. . . ., 
· · 
i> • 
· · 
Comparison of Test Data with Ellipse Based on Coupon 
T~nsilel Strength 
· 
. .. . . 'i; . <l .. . 0 
· 
0 
Comparison afTest Data with Ellipse Based on Rivet 
Shear Strength . 
· 
0 -0 -0 
" 
. . . . . 
· · " · 
o • 
35 
36 
37 
38 
39 
40 
41 
0 . 42 
43 
:44 
45 
46 
47 

iiia 
L!ST OF FIGURES 
Figo No. Title 
1 Details of Riveted Test Sp~cimen 
2 Sections of l-in. Grip Hot Formed Rivets Hand-Pneumatic Driven 
3 Sections of 7/8-ino Diameter Hot Formed Rivets Hand-Pneumatic 
Driven 
4 Seotions of 2-in. Grip Rivets Hand-pneumatic Driven 
5 . Seotions of 5~ino Grip Hot Formed Rivets 
6 Hand-pneumatio Driving of Rivets 
7 cut-Away View Showing Method of Gripping Test Speoimens 
8 Test Fixtures Assembled for Direct Tension Test 
9 cut-Away Views Showing M~thod of Measuring Rivet Elongation 
and Lateral Slip 
10 Stress-Strain Curves for Preliminary Speoimens Tested in 
Direct Tension 
11 The Effect of Driving Time, Soaking Time and TSDperature on 
the Ultimate strength of Rimmed Steel Rivets 
12 Interaction Curves for Preliminary Tests at Various Shear-
Tension Ratios. 
13 Interaction Curve for Preliminary Specimens Tosted at Various 
Shear-Tension Ratios, Based on Coupon strength 
14 Effect of Shear~Tension Ratio on Ultimate Strength of Rivets 
15 Fractures of Specimens Tested at Various Shear-Tension Ratios 
16 Axial Elongation for Rivets of Preliminary Tests 
17 Deformation Measured Normal to Rivet Axis for Preliminary Tests 
18 Typical Fracture Surfaces at Four Different Shear-Tension Ratios 
19 Typical Load-Deformation Curves for Rivets Tested at Various 
Shear-Tension Ratios 
20 Interaction Curve for Rivets of all Series of Primary Test 
Program 

Fig. NoD 
21 
22 
23 
List of Figures (cont'd.) 
Title 
Relation of Intsraotion Coefficient 'to Tension-She~r Ratio 
The Effect of R~vat Grip on Ultimate strength at Four 
Different Shear-Tension Ratios 
The Effect of Method of Rivet Manufacture and Fabrication 
on Ultimate strength at Four· Different 'Shear-Tension Ratios 
24 Effect of Rivet Diameter on Ultimate strength at Four 
Different Shear-Tension Ratios. 

STATIC STRENGTH OF RIVETS SUBJECTED TO 
COMBINED TENSION AND SHEAR 
I. INTRODUCTION 
1. Statement of the Problemo 
The rivets in most riveted joints ~re designed to resist shear; 
however, there are many joints, such as the connections of stringers to 
floor beams and beams to columns, in which the rivets may be subjected 
to a tensile component as well as a shear component of forceo 
Present design specifications do not provide for rivets sub-
jected to combined shear and tension; they generally provide for rivets 
stressed either in pure shear or in tension alone. The Current AISC 
Specification for the Design, Fabrication, and Erection of Structural 
steel for Buildings permits a design stress of 15,000 psi for rivets in 
shear and 20,000 psi for rivets in tension. The AREA Specification for 
Steel Railway Bridges permits a design stress of 13,500 psi for power-
driven rivets in shear but does not refer to the use of rivets in ten-
sian. The AASHO Specification for Highway Bridges gives a design stress 
of 13,500 psi for structural carbon steel rivets in shear and also 
states that, !tRivets in direct tension shall, in general, not be used, 
but if so used their value shall be one-half that permitted for rivets 
in shear." 
Previous investigators have tested rivets in shear or tension; 
however, few tests have been made of rivets subjected to combined shear 
2. 
and tension. Wilson and OliverI determined the tensile strength of 
rivets subjected to various heating a.nd driving conditions. Co R. Young 
and W. B. Dunbar2 made tests of rivets in tension, rivets loaded with a 
tensile force equal to the shearing force, and rivets loaded with a ten-
sile foroe equal to twice the shearing force. They found that the rivets 
loaded with a tensile force equal to twice the shearing force had 
ultimate strengths that were about 3.8 per cent less than the ultimate 
strength of rivets loaded in direct tension, and that the rivets loaded 
with a tensile force equal to the shearing force had ultimate strengths 
that were about 35.4 per cent less than the ultimate strength of rivets 
loaded in direct tension. Young and Dunbar suggested a tentative 
empirical formula, based on the results of their tests, for the strength 
of a rivet subjected to combined shear and tension. 
Mr. To R. Higgins, Director of Engineering, Amerioan Institute 
of Steel Construction, suggested that a non-dimensional elliptical inter-
action curve might be used to express the strength of a rivet subjected 
to various combinations of shear and tensile forces; however, the exist-
ing test data were not complete enough to justify fully the elliptical 
transition In strength between a direct shear loading and a direct tensile 
loading. 
1 tlTensio:1 Tests of Rivets," by Wilbur Mo Wilson and William A. Olivero 
Bulletin No. 210, University of Illinois Engineering Experiment 
Station, 1930. 
2 "Permissible Stresses on Rivets in TenSion," by C" R. young and 
W. B. Dunbar. Bulletin No.8, University of Toronto Faculty of 
Applied Science and Engineering, 1928. 
2. Object and Scope of the Investigation q 
--=---- -- - -- . , 
The object of the investigation reported h~rein was to determine 
more completely the behavior and strength of rivets subjected to combined 
shear and tensiono It was desired, also, better to establish th~ 
relationship between the ultimate strengths of rivets stressed in 
tension and in shear alone. 
The investigation de~ls with a study of the strength of single 
rivets subjected to various components of shear and tensile forces; no 
attempt has been made to correlate these strengths with the strengths 
of the rivets in more complex riveted jointso Before an analysis of 
the more complex riveted joints subjected to both she&r and tensile 
forces can be made, it is ne3Bssary that we understand, on a more 
fundamental basis, the strength of single rivets subjected to known 
shear and tensile forces. 
Studies were made of the manner in which the yield strength, 
ultimate strength, and the deformations of the rivets were affected by 
such variables as rivet grip, rivet diameter, method of driving, and 
type of manufacture of the rivet. In general, the ultimate strength of 
the rivets has been used for a basis of comparison, since at some shear-
tension ratios no perceptible yield strength was obtainedo The term 
sh8ar~tension ratio used throughout the report refers to the ratio of 
the component of force normal to the rivet axis (Shear) to the component 
of force acting along the rivet axis (tension). 
I 
4. 
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II. DESCRIPTION OF ~~~T SPECTMENS AND EQUIPMEN~ 
4. Description of ~ Specimens. 
The test specimens consisted of full button-head rivets which 
were driven into pairs of round blocks of the type shown in Fig. 1. 
These blocks contained a drilled rivet hole 1/16 in. larger than the 
nominal rivet diameter, and were machined on all surfaces. Except for 
the drilled rivet hole, the blocks had the same diameters for all rivet 
sizeso The 1/2 by 1/4 in Q undercut at the center of the blocks provided 
shoulders for applying load to the rivet~d specimens. 
In order to study the hole-filling qualities of the rivets 
driven under various oonditions, longitudinal sections were cut through 
the center of a number of specimens 4 These sections were then care-
fully polished to remove the burrs from the edges of the rivets and 
blockso The polished sections are shown in Figs. 2 through 5. 
It is evident, in these figures, that some of the rivets 
filled the rivet holes better than others. Figure 2 shows that the 
I-in. grip hand-pneumatic driven rivets filled the hole almost com-
pletely for all diameters. Figure 3 demonstrates the effect of grip 
upon the hole filling characteristics of 7/8-in. hand-pneumatic driven 
rivets.- In this case, the rivets with a 5-in. grip did not fill the 
hole throughout their entire length as well as the rivets with the 
shorter l-in~ or 2-in. grip. Near the driven head, however, the hole 
was well filled for all three grips. 
Sections of hot and cold-formed rivets of 2-in. grip and hand-
pneumatic driven are shown in Fig. 40 In these sections there appears 
to be no appreciable difference in the hole filling quality betwe~n the 
hot and cold-formed rivets. 
Figure 5 shows sections of hot formed rivets of 5-in. grip· that 
were hand-pneumatic a.nd machine driven.. Throughout the length of the 
rtvets there a.ppears to be little difference in the magnitude of the 
clearance between the rivet and the rivet blocks; although the clearance 
seems to be somewhat more uniform for the ma.chine driven rivets than for 
the h~nd~pneumatic driven rivetse In Fig. 5(a) the driven ends· (hand-
pneumatic driven) of the rivets are at the top and the bucked ends are 
a.t the bottom. Near the bucked ends the rivets do not fill the hole as 
well as at other points along their length. This effect is less pro-
nounced in the machine driven rivets of Fig. 5(b)Q In general: the hole 
filling of all of the speeimens in Figs. 2 to 5 seems to be typical of 
what might be expected for ordinary driving procedures, 
The chemi~al composition of the rivet steel for the Primary 
Series e! tests is given in Table 1 and denoted by ASTM A-141. The 
steels denoted as Rimmed, Killed, and Semi-killed are rivet steels that 
were used in preliminary tests~ 
Table 2 presents the mechanical properties of the rivet steels 
(ASTM A-14l) for the Primary Ssries of tests as reported in the Mill 
Report and the properties obtained from standard O~505-in. diameter ten-
sile coupons t~sted in the laboratory 0 The ultimate strength determined 
from tests of standard 0.505-in. diameter specimens was slightly higher, 
in most cases, than that reported by the Mill. Th. Mill Report, however, 
gives values for tests that Were made on the as-rolled b~rs, whereas th~ 
laboratory tests provide the properties of the formed rivet~. The cold 
formed rivets were annealed or stress relieveu at 1220 degb F~, for 
fifteen minutes, after forming. 
The lower portion of Table 2 gives the meohanical properties 
of the rimmed steel rivet material used in the preliminary tests. 
5. Description of Eg~!pment. 
8. 
All of the hand-pneumatic driven rivets were driven in the 
structural shop at the laboratory in accordance with the AlSC Speoifica-
tion for the Design, Fabrioation and Erection Df Structural Ste~l for 
Bridges. The rivets were heated in an electric furnace and then trans-
ferred to the driving block shown in Fig. 60 This driving block was 
designed to accommodate the specimens for all of the rivet diameters and 
grips. The rivets were driven with a standard 90-lb. pneumatic hammer 
at an air pressure of 88 psi. 
The machine driven rivets were driven in a typical structural 
fabricating shop using a hydraulic press rivetep. An oil furnace 
equipped with standard blowers was used to heat the rivets~ The 
temperature of this furnace was over 2,000 deg. F~ The length of time 
that the rivets remained in the fUrnace was about four minutes. After 
this soaking time the rivets were a reddish-white colora Care was taken 
to insure that the entire heating and driving process was performed in 
accordance with the shop's standard practice. 
A cut-away view of the test jig that was used to transmit load 
to the rivets is shown in Fig. 7. The split loading blocks were fitted 
with high strength steel inserts which gripped the test specimens o The 
loading blocks, in turn, were attached to pull-plates by means of bolts. 
Figure 8 shows the pul~-plates bolted to the loading blocks; the test 
jig, in this case has been assembled for a direct tension test wherein 
the load is applied through the holes in the pull-plates marked g. By 
9-. 
loading through the pairs of holes marked g to a various combinations of 
shear and tension can be obta..~ned, varying from direct tension to direct 
shear. As shown at the top and bottom of Fig. 8, the load was applied 
to the pull-plates by means of 'a spherical seat arrsngement which 
eliminated, as far as possible, any ecosntricity of loading. 
In the preliminary, tests measurements 'Were made to obtain a 
general indication of the axial elongation and slip or deformation 
normal to the rivet axis when the rivets were stressed at the various 
shear-tension ratios. The gages used to measure the axial elongation 
of the rivets are shown in Figo 9(a). The vertical dials to the left 
and right were used to measure the separation of the two loading blocks. 
This separation, however, included the elongation of the rivet, and 
in addition, the elastic deformation within the loading blocks and within 
the small round blocks into which the rivet had been driveno Therefore, 
the vertical dials mounted in line with the rivet were used to obtain 
the correction necessary to determine the actual rivet elongation_ 
The two horizontal dials shown in th~ lower part of Figa 9(a) 
~ere used to measure the slip or movement of the loading blocks in a 
direction normal to the rivet axis.. Mea.surements were made also of the 
separation of the testing machine pull-heads as load was applied to the 
specimens. 
60 Details of ~ Progra~s~ 
Before proce~ding with the Primary Test Program, it was con-
sidered desirable to make several preliminary tests to determine the 
significance of a number of variables upon the strength and behavior of 
rivets subjected to various shear and tensile forceso These initial 
10 .. 
studies were designed to dstermine which of the driving 'and testing 
'conditions required oareful control in the laboratory tests and, to some 
extent, which variables needed to be studied further. 
Most rivets US6"tt in oroina!'y struot'1.l.t"al WO:i'k are made from 
either rimmed, killed, or semi~killed. steels. On. pha.se of the pre-
liminary tests was developed, therefore, to determine the difference 
in strength be~weffn structural grade rivets that ware made f~om rimmed, 
killed and semi-killed steels. 
A second phase of the preliminary study was designed to obtain 
the ultimate strength an4 load-elengation characteristics of rivets 
subjected to loadings at many different shear-tension ratios; the 
scheduled Primary Test Program in~luied loadings at only four different 
shea.r-tension ratios... This larger variety of shear-tension ratios made 
it possible to study m.ore closely, the manner in which the rivet 
properties varied with the sh~ar-tension ratio. 
The effects of such v~riables as driving time, soaking time, 
and furnace temperature on th~ ultimate strength of hana-pneumatic 
driven rivets were considered also in the preliminary tests. These 
variables were generally limited te a ~ang6 ordinarily used in standard 
shop practicel however, in a few casas~ extreme ranges of the variables 
were included. It was hoped that the r~sults of tests involving these 
variables combined with the information available on standard shop prac-
tice would permit a better seleation of the dtl~ing conditions for the 
hand-pneumatic ariven rivets of the Primary Test Program. 
An outline of the tests in th~ Primary Test Program is given in 
Table 3. Four different shear4tension ratios, (a) 1.0:0.0, (b) 1.0:0.577, 
(c) 0.577:1.0, and Cd) 0.0~1.0, wer~ used in each serieso The other 
variables' in the program included 'the rivet Size, grip, method of driving 
and the method of rivet manufactureo For each particular rivet diameter 
and shear-tension ratio of any series, two or three identical specimens 
were tested, depending upon whether the results of the first two tests 
were in agreement. 
A numbering system, indicating the test conditions, was used for 
the individual test specimens. An example of this designation is as 
follows: (4 a 7 - 2). The first digit refers to the series number given 
in Table 3; the following letter refers to the shear-tension ratio; and 
the next digit refers to the rivet diameter in eighths of an inch. The 
final number differentiates between identical specimens~ 
III. PRELIMINARY TESTS 
Effect of·Rivet Material • 
. 
The preliminary test specimens included rimmed, semi-killed, 
and killed steel rivets. All of the rivets had a 2-in. grip, were hand-
pneumatic driven and 7/8-in~ in diameter. The rivets were heated in an 
electric furnace to 1950 deg. F., and driven for thirty seconds. SOIDe of 
these rivets were soaked an unusually long time as a result of a delay 
that was encountered in obtaining the desired air-pressure for driving 0 
A total of sixteen rivets of the various steels were tested, 
the results of which are given in Table 40 Specimens 1 to 11 were made 
of rimmed steel; 12, 13 and 25 of semi-killed steel; and 15 to 19 of 
killed steel. Five of the rimmed steel rivets were tested in direct 
tension and five were tested at a shear~tension ratio of 1.0:0.414. The 
semi-killed and killed steel rivets were tested in direct tension for 
comparison with the results of the direct tension tests of the rimmed 
steel rivetso 
The second column of Table 4 gives the soaking time in the fur-
nace in minutes for each specimen. In any analysis of the data, the 
soaking time must be taken into account because of its influence on the 
strength of the rivetsa The grain growth in the rivet steel, which 
results from an increase in the soaking time, causes a reduction in the 
strength of the rivets. All of the killed steel rivets had approximately 
the same soaking time and almost identical values of yield strength and 
ultimate strength. Specimens 1, 25 and 19, of rimmed, semi-killed and 
killed steels respectively, had soaking times which were approximately 
the same 0 The semi-killed steel rivet, however, had been soaked somewhat 
longer than the rimmed and killsd steel rivets~ A compa.rison of ulti-
mate strengths of these specimens, based on the area of the rivet holes, 
shows values of 70,200 psi for speoimen 1 (rimmed), 67 7 100 psi for 
specimen 25 (semi-killed), and 69,000 psi for specimen 19 (killed). A 
similar comparison ~f yield strengths provides values of 37,600 psi, 
37,:1600 psi, and 44,900 psi, respectively. The killed steel rivets appear 
to have a higher yield strength tha.n the rimmed steel rivets, but the 
ultimate strengths of the two rivet types appear to be about the same. 
The ultimate strength of the semi~killed rivets appears to be only 
slightly less than that of the rimmed and killed rivetso This fact may 
be attributed to -the greater soaking time of the semi-killed steel rivets. 
Nevertheless, the diff&renoes were not appreeiable~ 
!n the lower portion of Table 4 the results for the tests con-
ducted ata shear-tension ratio of -1.0t0 0 414 are presented!) The stresses 
reported for these tests were obtained by-dividing'the ma~hine lo~d(the 
resultant of the shear and tensil~ oomponents) by the area of the rivet 
based on the nominal rivet diameter and the rivet hole diametero The 
strength obtained at this shear-tension ratio is approximately 73 per 
cent as great as that obtained in the direct tension tests~ 
Load elongation measurements were made in the tension tests of the 
rimmed steel rivets listed in Table 4 to determine the approximate initial 
tension that existed in the rivets and the characteristics of their stress-
strain curves. The results of the measurements for specimens 1, 5 and 11 
(see Figo 10) indicated that the initial tension in the rivets was approx-
imately equal to the yield strength of the rivets~ In some tests it was 
difficult to determine the exact point at which yielding began, particu-
larly in those conducted under shear or combined shear and tensionQ 
14. 
80 EIfect of Driving ~, SQ~ing ~, ~ Fu~~ce Temperature. 
The tests to study the effect of driving conditions on the 
strength of the rivets were made on 7/8-in.rimmed steel rivets with a 
2-ino grip. The furnace temp~ratures used were 1800 deg. F., 1875 deg. 
F., and 1950 deg. F. and the Qr.i~ing times ranged from 14 to 20 sec. 
For each furnace temperature and soaking time, the minimum driving time 
was selected as the time to form a full head on the rivet. These 
minimum driving times were 18.5 sec. for a rivet soaked 14 min. at 
1800 dego Fo and 14 sec. for a rivet soaked 14 min. at 1875 deg. F. The 
soaking times were varied from 7 minutes to 143 minutes. 
I 
Table 5 presents the results of the testso Specimens 1, 5, 7, 
9, and 11 of the previous study have been included to give a broader 
range of the variables. Figure ll(a) shows that there was a marked 
decrease in ultimate strength as the soaking time was increased from 
7 min. to 25 min., but for soaking times varying from 25 min. to 109 
min. there was only a slight drop in the ultimate strength. However, 
beyond 110 min. the ultimate strength decreased appreciably as the soak-
ing time was increased. Since soaking times greater than 25 min. would 
seldom be used in standard shop and field practice, the values of 
strength for these large soaking times are reported only as a matter of 
interest. Figure ll(b) shows values of ultimate strength for the more 
practical range of soaking times. 
It may be observed also in Figo 11 and Table 5, that the driving 
time had little or no effect on the ultimate strength of the rivets and 
that the rivets heated at 1800 deg. F. gave only slightly higher ultimate 
strengths than those heated at 1875 deg. F. 
Uost structural fabricatIng shops heat their 1.""ivets until they 
reach a cherry red oolor before driving and then drive the rivets until 
a full head is formed. How~ver, very little information could be obtained 
regarding the length of soaking time most commonly used by these fabri-
oators; one ~uthority suggested that a general rule of thumb was to soak 
the rivets 5 min. per 1/8-in. diameter. 
In view of the data of crable 5 and Fig. 11 and considering the 
information obtained from fabricators, as to the standard shop and field 
practice for hand-pneumatic driven rivets, it was decided to use the 
following conditions for the hand-pneumatic driven rivets of the Primary 
Test Program. 
Ri vet Diameter Furnace Temperature Driving Time Soaking Time 
In" Deg. F. Sec. Min. 
3/4 1850 18 18 
7/8 1850 20 21 
1 1850 22 24 
This furnace temperature is 100 deg. F. less than the maximum 
temperature allowed in the AISC .Specifications, and the driving time is 
slightly greater than the time required to form a full heado 
90 Variation In Ultimate Strangth With Shear-Tension Ratio . 
• J ~ r. 
A number of the preliminary tests were performed for the purpose 
of studying the variation in ultimate strength of the rivets at various 
shear-tension ratios a All of the rivets were of rimmed steel, 7/8-in. 
diameter, 2-in. grip, hand-pneumatic driven for 20 sec. and heated in an 
electric furnace at 1800 deg. F. for 21 minutes~ 
The results of these tests, at various shear-tension ratios, 
are summarized in Table 6. Columns (4) and (5) give the ultimate rivet 
strengths based on the'nominal rivet -area and the area of the rivet hole 
respectivelyo A oonvenient and useful manner of presenting these data is 
in the form of an interaotion ourve determined from the tensile and shear 
components of th~ ultima.te strength of the rivets", These components are 
plotted as ordinate and abscissa respeotively, for eaoh test, to obtain 
the desired ourve.~ 
This interaotion relationship may be based on the tensile, shear, 
or coupon strength of the rivets, each of which has merits depending upon 
its application. Persons preparing speoifications might be most 
interested in the data interpreted on the basis of the coupon strength. 
Designers, howev~r, would probably be primarily interested in the rela-
tion based on the she~ring strength of the rivets, while others 'may be 
more concerned with the tensile strength relationshipo Nevertheless, in 
each case, the same general picture is obtainedo 
The strength-tension and strength-shear relationships for the 
various tests are presented in columns 6 and 7 of Table 6 respectively, 
and in Figo 12. The ellipses, having as semi-major axis the ultimate 
stre~gth of the rivet in tension divided by the rivet tensile or shear 
streng~h and as semi-minor axis the ultimate strength of the rivet in 
shear divided by the rivet tensile or shear strength, agree quite closely 
with the results of the test datao The maximum deviation from these 
ellipses occurs at a shear-tension ratio of Oo668~1.0 and is approximately 
4 per cent 0 
The strength of the rivets (based on the area of the ho~e) 
divided by the ooupon strength (00505 ino coupon) is given in column 8 of 
~. 
Table 6 and p1otte4 in Fig4 13Q This figure is similar to FigD 12 except 
that the scale factor is based on the tensile coupon strength of a standard 
OG505-in. diameter specimen instead of the rivet tensile or shear strength. 
Figure 13 has the advantage of correlating the rivet strength at the 
various shear-tension ratios with the coupon strength of the rivet material 0 
However, this correlation is affected, to SOIDe extent, by the heating and 
driving conditions and the rivet material. 
Since a correlation with the ultimate material strength as 
obtained from the Mill may also be of interest, the inter-action data 
based on this strength h&s been presented in columns 9 and 10 of the table. 
It must be remembered, however, that the Mill Reports provide the strength 
of the rivet bar-stock and not the strength of the formed rivetso 
The effect of shear-tension ratio on the ultimate strength of th~ 
preliminary specimens is shown in Figo l4e For loadings between shear~ 
tension ratios of infinity (shear alone) and 2~O, little change occurred 
in the ultimate strength of the rivets; however, for loadings between 
shear-tension ratios of 2.0 and zero (tension alone), a relatively large 
change occurred in the ultimate strength of the rivets" The corresponding 
ultimate strengths based on the rivet hole area for the three shear-tension 
ratios of infinity, 2, and zero are 53,600, 55,000 and 75 J 700 psi 
respectively., 
Figure 15 shows the type of fracture surfaces obtained in the 
tests at the various shear-tension ratios A The top rivet shown in Fig. 15 
was tested in shear alone, the remaining rivets from top to bottom had 
progressively decreasing shear-tension ratiosa It can be seen that the 
fracture type changed materially as the loading was varied from shear to 
tension. 
The axial per cent elongation of the rivets tested at various 
shear.tension ratios is given in column (11) of Table 6. It is interest-
ing to note that the axial elongation at the loadings which deviate only 
slightly from direct tension is oonsiderably smaller in magnitude than the 
axial elongation of a rivet loaded in direct tenSion, whereas the strengths 
are not greatly differento For example, the axial elongation in the 
direot tension test w&s 3803 per cent while the axial elongation for the 
test oonducted at 11 shear-tension ratio of Oo268tl.O was only 20.3 per 
cento In the direct shear test the axial elongation was only 4.7 per cento 
Figure 16 shows stress-elongation ourves for the tests at various 
shear-tension ratios~ As would be expeoted) there was almost no axial 
elongation in the direct shea.r tests until stresses were reaohed that 
produced very large sheardistortionso 
Figure 17 shows the relationship of slip or deformation measured 
normal to the rivet aXis, to the applied stress for the various shear-
tension ratios o The movement measured was not the actual rivet distor-
tion normal to the rivet axis since it included. slip and elastic action 
in the jig and testing apparatus; nevertheless, the measurement does 
show the relative movement that occurred during the tests at various 
shear-tension ratios o The curves show the largest slips occurring for 
tests ~t the highest shear-tension ratios (direct shear) a.nd smaller slips 
occurring for tests at the small shear-tension ratios (direct tension) 0 
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IV. RESULTS OF PRIMARY TESTS 
100 Results of Tests. - __ r___ -.._ 
The ultimate rivet strength has bsen used as the basis of 
comparison for the studies of the results of the Primary Tests. Tables 
7 to 14 give the values of ultimate stress based on the nominal rivet 
area and the area of the rivet hole for all of the rivets th.~ft were 
tested in the Primary Test Program. The tables give the ultimate 
strengths at the four different shear-tension ratios used for each 
serieso The rivet grip, method of driving, and method of rivet manu-
facture have been separated by presenting each series individually. 
Figure l8 shows the typical fracture surfaces that resulted in 
the tests at the four different shear-tension ratios. From left to 
right the shear tension ratios for the specimens shown are 0.0~1.0, 
0.577:1.0, 1.010.577, and 100:0.0. 
11. Load Elongation Data at Various Shear-Tension Ratios. 
----. •• --- •• t 
-
During the application of load to a specimen, the separation 
of the testing machine pull-heads was measuredo Typical results of 
these measurements are shown in Fig. 19. These curves are for the tests 
of the 7/8-in. rivets of Series :3 that were conducted at the four dif-
ferent shear-tension ratios. The areas under the curves give an indica-
tion of the relative energy absorbing capacity of the rivets when sub~ 
jected to static loadso It is interesting to note that a deviation in 
loading froID direct tension reduced greatly the energy absorbing capacity 
of the rivets. 
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V. ANALYSIS OF TEST RESULTS 
12. Effect of Shear Tension Ratio. 
The results of the tests of the Primary Test Program are 
summarized in Table 15 for each of the series of tests and each of the 
shear-tension ratios. For each series, the average ultimate strength 
based on the rivet hole area is given in column (3). The interaction 
data based on the tensile strength, the coupon strength and the shear 
strength are given in columns (4), (5), and (6)~ respectively_ Thus, 
the data can be expressed in the form of the three interaction curves 
described in the section on "Variation in Ultimate Strength with Shear-
Tension Ratio." 
The data of column (4) are compared, in Table 16, with an 
ellipse having a semi-major axis of unity and a semi-minor axis of 
0.750 This ratio of semi-major to semi-minor axis is in general agree-
ment with the test results as well as with the ratio of allowable shear 
and tensile strengths permitted by the present AISC Specification. The 
maximum deviation from-the ellipse for any series is -6.0 per cent. 
This maximum deviation occurs for Series 2 at a shear-tension ratio of 
1.0:0.0. At this same shear-tension ratio, the deviation of the mean 
value of all tests from the value given by the theoretical ellipse is 
only 0.8 per cent. It may be noted that 98 per cent of all of the test 
results differed by less than 7.0 per cent from the values predicted by 
the ellipse, 
y2 X2 
+ ---- = 1.0. 
(1.0)2 (0.75)2 
;., 
, 
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Although this type of interaction curve fits the test data extremely 
well~ it should be remembered that the values are all fUnctions of the 
rivet tensile strengtho 
The data of column (5) of Table 15 are oompared with a similar 
ellipse in Table 17- The semi-major axis of this ellipse was taken as 
the mean value of the ultimate tensile strengths of all series divided 
by the average value of the 0.505-in. coupon tensile strength. The 
semi-minor axis of the ellipse was taken as the mean value of the ultimate 
shear strengths of all series divided by the average value of the 0.505-
in. coupon tensile strength. The equation of this ellipse is, 
1.0. 
The maximum deviation of the test data from the values determined by 
this ellipse, at any of the shear-tension ratios studied, was 901 per 
cento This type of interac~ion curve is of considerable value since it 
relates the strengths of the rivets at the various shear-tension ratios 
to thg coupon tensile strength of the rivet material. 
In Fig. 20 the data of Table 15 are plotted on the basis of the 
rivet shear strength. Each point on this figure represents an average 
value for the duplicate specimens of the three rivet diameters and for 
a particular shear-tension ratio. The number at each point refers to 
the particular series that the point represents. This presentation, 
it appears, will be of most practical us~ to the de$jgn engineer since 
it correlates the results of the tests with the shear strength of the 
rivets, a value with which he is well acquainted. 
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The plot of the data in Fig. 20 fits closely, the equation of 
an ellipse which has a semi-major axis of 1.333 and a semi-minor axis 
of 1.0" The ratio of these axes agrees with the ratio of allowable shear 
and tensile strengths permitted by the present AlSC Specification. 
Table 18 gives a, comparison of the test data with the computed 
values obtsined from the ellipse of Figo 20. The maximum deviation 
from the ellipse, of any series, occurs at .a shear-tension ratio of 
1.0:00577 and is -606 per cent. However, the mean deviation for all 
series, at this same shear-tension ratio, is only -4.3 per oento At a 
shear-tension ratio of Oo577~loO this deviation is only -1.0 per cent, 
and at a shear-tension ratio of 0~0:1.0 is only -0.7 per cento 
The ellipse of Fig. 20 has semi-major and semi-minor axes that 
are functions of the shear strength of the rivets. Assuming that this 
curve is representative of the data, the strength of a rivet sub-
jected to a loading at any shear-tension ratio can be conveniently 
expressed as a function of the direot shear strength of the rivetso 
FrOID Fig. 20 we can a.Ssume the strength of a rivet at a.ny shear tension 
ratio to be given by the equation, 
~ + x2 
(10333)2 (010)2 
(1) 
where - y = Tensile component of force on rivet at ultimate strength 
Ultimate shear strength of rivet 
and 
Let r 
x = Shear component of forc~ on rivet at ultimate strength 
u"l timate she~r strength of rivet 
the strength of a rivet divided 
by the rivet shear strength at 
any tension-shear ratio, mo 
Solving.the equations; 
2 2 
Y x 100 
.' 2 + (i.O)2 = (1".333 ) 
simultaneously f·or a value of x, we obtain: 
Then solving the equations~ 
y = mx and 
simultaneously for a· value of r, we obtain: 
2 
m 
and y = mx 
y 
~----------------~~~~ x 
Since r is the rivet strength at any tension-shear ratio divided by the 
rivet shear strength, we can write) 
where S = strength of a rivet at any tension-shear ratio; Ss = shear 
strength of the rivet; and r ranges from a value of 1.0 for a rivet sub-
jected to direct shear to a value of 1.333 for a rivet subjected to 
direct tensiono Values of r for various tension-shear ratios may be 
computed from the above equation or obtained directly from the curve 
shown in Fig. 21. 
13. Effect of~. 
The effect of rivet grip on ultimate strength of the rivets at 
the four shear-tension ratios is shown in Fig. 22. All of the rivets 
whose ultimate strength is shown in this figure were cold formed and 
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hand-pneumatic driven. Each rivet diameter is shown separately; thus 
the rivet grip is the only variable contributing to the difference in 
strengths shown. by the curves. 
In general, the ultimate strength decreased with an increase in 
grip; however, the decrease was somewhat more pronounced for the tests 
in direct tension than for the tests at the other shear-tension ratios. 
For the direct tension tests of 3/4-ino rivets at grips varying from I in. 
to 5 in., the decrease in ultimate strength was 1204 per cent. For tests 
made at shear-tension ratios of Oo577~1.O, IbO:O.577, and loO~O.O, the 
decreases in ultimate strengths for the 3/4-inD rivets having grips of 
1 in. to 5 in. were 908, 9.4, and 9.2 per cent, respectively. Similar 
decreases in strength are shown also for the 7/8 and I-in. rivets. 
A study of the rivet sections shown in Figs. 3, 4, and 5 shows 
that the rivets of the 5-in. grip specimens did not fill the rivet holes 
as well as did the 1 and 2-in. grip rivets. This fact may be partly 
responsible for the lower ultimate strengths obtained for the 5-in. grip 
specimens. It is possible also that the short grip rivets have sl'ightly 
different strength properties than those of long grips because of the 
differences in working of the material during driving. 
14. Effect of Rivet Manufacture and Fabrication. 
The effect of the method of rivet manufacture (hot-formed or 
cold-formed) on the ultimate strengths of the rivets tested at the 
four different shear-tension ratios is shown in Fig& 23. The effects 
of rivet grip, rivet diameter, and method of driving have been 
separated such that the effects of the IDethoQ of rivet manufacture can 
be conveniently studied. For the tests in direct shear, the I-in. grip, 
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cold-formed rivets appear to have been slightly stronger than the hot-
formed rivets, but in general the hot-formed rivets were slightly 
stronger than the cold-formed rivetso Nevertheless, in no case was 
there more than 5.2 per cent difference in ultimate strength between 
the hot and cold-formed rivets. 
Figure 23 also demonstrates the difference in strengths 
between the hand-pneumatic and machine driven rivets which had a 
5-in. grip 0 The machine driven rivets were slightly weaker than the 
= 
hand-pneumatic driven rivets; however~ this slight difference may be 
;~ 
attributed to the fact that the machine driven rivets were not heated 
and soaked in the same manner as the hand-pneumatic driven rivets. 
The heating and soaking, most likely, have a greater influence on the 
ultimate strength of a rivet than the method of driving. 
150 Effect of Rivet Diametero 
The effect of rivet diameter on the ultimate rivet strength 
for each series of tests is shown in Figo 24. For all series, the 
effect of diameter on rivet strength was less pronounced for tests 
in direct shear (shear-tension ratio of 1.0:000) than for tests made 
at other shear-tension ratios. Also, the scatter of test results 
betw~en different series was less for tests made in direct shear than 
for tests made at other shear-tension ratioso 
For series 1, 2, 9 and 10 the 3/4-in. rivets were slightly 
stronger than the 7/8 and l-ino rivets; for series 5 and 6 the 3/4-in. 
and l-ina rivets were somewhat stronger than the 7/8-in. rivets; but 
for series 4 the 7/8-in. rivets were the strongest of the three diameterso 
These variations in strength with rivet diameter were oonsistent for 
tests made at each shear tension ratio; however, it is obvious that 
there was no consistent effect of the diameter upon the strength of the 
rivets. With the eiception of s~ri~s "2, the effect of rivet diameter 
on ultimate strength was small since none of the strengths differed by 
more than approximately 7 per cent; Series 2 h&d a maximum variation in 
strength between the 3/4-in~ and I-in. rivets of 12.8 per cent. This 
maximum variation in strength occurred at a shear-tension ratio of 
0.577:1.0. 
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VI.. SUMMARY OF RESULTS 
16. Surrnnary ~ Results and Conclusions. 
The results of the tests reported herein may be summarized 8S 
follows: 
A. Preliminary Tests 
(1) The difference in ultimate strengths between rivets of killed, 
semi-killed, and rimmed steels subjected to identical heating 
and driving conditions was small (less than 5 per cent)Q 
(2) Furnace temperatures between 1800 deg~ F~ and 1950 deg. F. 
and driving (hand-pneumatic) times between 7 and 30 sec. had 
only a small effect upon the ultimate strength of the rivetso 
(3) The initial tension in the rivets was equal approximately to 
the yield point of the rivets for the 2-ino grip which was the 
only grip for which these measurements were madeo 
(4) For rivets tested at shear-tension ratios other than zero (direct 
tenSion), there appeared to be no well-defined yield point~ 
(5) The length of soaking time to which the rivets were subjected, 
before driving, appreciably affected the ultimate strength of 
the rivets. 
B. Primary Tests 
(6) A variation in grip from 1 ina to 5 ino produced a drop in 
ultimate strength of approximately 8 per cento 
(7) The method of rivet manufacturing (hot or cold-formed) had 
only a small effect on the ultimate strength of the rivets 
tested at various shear-tension ratios o 
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(8) The machine drivenriveis (from only one fabricator) appeared 
to be slightly weaker than the hand-pneumatic driven rivets; 
however, the heating and soaking conditions for the machine and 
hand-pneumatio driven rivets were different. 
(9) The effect of rivet diameter on ultimate strength was small, 
generally less than 7 per cent. 
(10) The effect of variables such as the type of rivet manufacture, 
rivet grip, rivet diameter, and method of driving, upon the 
ultimate strength of the rivets, was less pronounced for the 
rivets tested in direct shear than for the rivets tested at 
the other shear-tension ratios 0 
(11) The energy absorbing capacity of rivets subjected to static 
loads was greatly reduced as the shear-tension ratio was 
increased .. 
(12) The ultimate strength of rivets subjected to loads ranging 
from direct tension to direct shear can be conveniently 
expressed in the form of a non-dimensional elliptical inter-
action curve. 
(13)-The ultimate strength S of a rivet subjected to a force 
having any combination of shear and tensile components can 
be conveniently expressed, from the elliptical interaction 
curve, as: 
where 
r = 1;333 
2 
ill 
m = Tensile comp~nent of force 
Shear component of force 
29-
Ss = Ul tirnate 'strength of rivet in direct shea.r. 
(14) The relationship S .= r Ss could be easily applied to design 
Specifications, simply by replacing the ultimate shearing 
strength by the maximum allowable shear strength. The factor 
of safety for a rivet subjected to combined tension and shear 
would then be the same as the factor of safety now used for a 
rivet subjected to direct shear. 
All of the above conclusions were reached by analyzing the test 
data that were obtained from the tests on single rivets and must, 
therefore, be used with caution if applied to connections in which 
there are more than one rivet . 
. E; 
Type of Steel 
Rimmed 
Killed 
Semi-Killed 
ASTM A-14l 
TABLE I 
Chemical Composition of Rivet Steels 
(from Mill Report.) 
Chemical Composition 
c Mn P 
0·25 0·33 0.020 
0.19 0.49 0.015 
0.20 0·53 0.016 
0018 0.45 0.011 
30. 
in Percent 
S Si 
00041 
0.027 0.18 
0.03~ 
0.038 
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TABLE 2 
Mechanical Properties of Rivet Material Be~ore Driving 
Rivet : Type 
Dia.in. Rivet 
Properties (0.505 n Coupon) Properties (Mill Report) 
3/4 
3/4 
7/8 
7/8! 
1 
1 
3/4 
3/4 
7/8 
7/8 
1 
1 
7/8 
7/8 
*NOTE~ 
Yield U1t. % % Yield Ult. 
Point Elong. Red. Area Point 
% ELong. 0/0 Red. 
8 in. Area 
Hot Formed 40,100 
Hot Formed 43,200 
Average 41,650 
Hot Formed 42)400 
Hot Formed - - -
Average 42,400 
Hot.Formed 41,550 
Hot Formed 39,650 
Average 40,600 
58,300 
58,300 
58,300 
57,300 
57,800 
57;550 
56,300 
55 l §50 
55~ 25 
46 -
47.5 
46."7 
39·0 
38.0 
38.5 
42.3 
43,,0 
42,,7 
Cold Formed 44,200 55~300 38.2 
Cold Formed 45,100 55,650 38.2 
Average 44,650 55,425 ~ 
Cold Formed 50,500 58,350 3700 
Cold Formed 50,450 58,650 38.0 
Average 50,475 58,500 37.5 
Cold Formed 45,900 56;450 41.7 
Cold Formed 46,200 562450 4100 
Average 46,050 56,~50 4I:4 
65·0 
65·9 
65.5 
6708 
67 ... 2 
6705 
'6600 
6900 
67.5 
6800 
67·0 
67~5 
65·7 
66.4 
bb:T 
67·1 
68·5 
b7.E 
40,100 55,700 
41,100 55,100 33·5 
37,000 53,900 
40,100 44,1700 
37,000 53,900 33·5 
Mechanical Properties of Rivet Material Used in Preliminary Tests 
At Various Shear-Tension Rdtios (Rimmed Steel) 
Hot Formed 42)050 63;300 3802 
Hot Formed 42 2000 . 63,200 3708 
Average 42;025 63,250 38.0 
Mechanical Properties, before Riverts were formed) as obtained from 
Mill Report. 
59·9 
» 
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TABLE :3 
Outline of Primary Test Program 
--Series Shear-Tension Rivet Size Grip 
No. Ratio in. in" (1) 
. , 
3/4, 7/8, 1 1 1 a, c, e, g 
2 8., c, e, g 3/4, 7/8, 1 1 
3 8., c, e, g 3/4, 7/8, 1 5 
4 a, c, e, g 3/4, 7/8, 1 5 
5 a, c, e, g 3/4, 7/8, 1 2 
6 a, c, e, g 3/4, 7/8, 1 3 
9 a, c, e, S 3/4, 7/8, 1 5 
10 8., c, e, g 3/4, 7/8, 1 5 
NOTES~ (1) Shear-tension ratios are as follows: 
a = 100:0.0 
c = 1.0:0.577 
e = 0.577:1.0 
g = 0.0:1.0 
.Method.···of 
·Drivin~ 
.Rand· . (2) 
Pneumatic 
Hand 
Pneumatic 
Hand 
Pneumatic 
Hand_ 
. Pneumatic 
Hand 
. Pneumatic 
Hand 
Pneumatic 
Machine 
Machine. 
32. 
Method of 
·Ri vet··' Mauufacture 
i 
Cold Formed 
Hot Formed 
Cold Formed 
Hot Formed 
Note (3) -Cold Formed 
Note (3) -Cold Formed 
Cold Formed 
Hot Formed 
(2) Driven at University of Illinois, Structural Research Laboratoryo 
(3) Used type of rivets giving lowest values in 
Series No.1, 2, 3, and 4. 
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, TABLE ' 4 
Results of Tests of 7/8-in. Rimmed, Killed and Semi-Killed Rivets 
(Hand-Pneumatic Driven, 2-in. Grip) 
Specimen Soaking Time Shear-Tension Type of Yield Stress, Ultimate Stress, 
Number Min. Ratio Steel ps i. Based on* psi. Based on* 
Nominal Area of Nominal Area of 
Rivet Rivet Rivet Rivet 
Area Hol.e Area Hole 
15 43 0': 1.0 Killed - - - - - - - - 80,900 70,300 
19 55 0 1.0 Killed 51,600 44,900 79,400 69,000 
18 52 o : 1.0 Killed 51 z 300 44z6oo 80 z800 70 2. 200 
Average 51:,450 44,7;0 80,360 69,830 
12 150 
° 
1.0 Semi-Killed 41,900 36,500 71,300 62,000 
13 157 
° 
1.0 Semi-Killed 42,000 36,600 72,500 63,100 
~ 25 79 0 1.0 Semi-Killed 43 z300 37,,600 772. 100 67 z100 42,400 " 36,900 73,600 64,060 Average 
-" 
- 1 58 0 1.0 Rimmed 43,200 37,600 80,700 70,200 
5 109 0 1.0 Rimmed , 48,300 42,000 79,490 69,230 
7 121 0 1.0 Rimmed 48,600 42,300 76,900 661-980 
9 132 
° 
1.0 Rimmed 46,900 40,850 73,340 63,880 
11 143 0 1.0 Rimmed 43~300 37 z66O 74z170 64 2600 
Average 46,060 40,080 76,920 66,980 
2 64 1.0 0.414 Rimmed 34 ,900 30,400 59,900 52,170 
3 72 1.0 0.414 Rimmed 29,800 25,960 56,700 49,380 
4 99 1.0 0.414 Rimmed 30,000 26,130 55,300 48,170 
8 126 1.0 0.414 Rimmed 30,000 26,130 54,200 47~208 
10 138 1.0 0.414 Rimmed' 31 z700 27 2610 54 z300 47 2290 
Average 31,280 27,240 56,080 48,840 
-
*Yield and Ultimate Stresses were obtained by dividing the 
testing machine load by the area of the rivet 
~ 
.-
...., 
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TABLE 5 
Tbe Effect of Driving Time, Soaking Time, and Temperature 
On The Ultimate Strength of Rimmed Steel Rivets 
Specime~ Furna.ce Temp. 
Noo Deg. F. 
3p l8ao 
4p 1800 
?p .1800 
6p 1800 
7p 1800 
8p 1800 
lOp 1875 
IIp 1875 
l2p 1875 
13p lB75 
14p 1875 
15p 1875 
16p 1875 
1 1950 
5 1950 
7 1950 
9 1950 
11 1950 
All Specimens: Ti8-in. dia. 
2-in. grip 
Soaking Tiile Driving Time 
Min. Sec 0 
28 18.5 
14 18.5* 
14 23 
21 23 
28 23 
23 1805 
14 14* 
21 14 
28 14 
14 14 
21 14 
28 23 
7 23 
58 30 
109 30 
121 30 
132 30 
143 30 
Air Pressure at Driving = 88 Psi. 
*Minimum Driving Time to form a full head 
. Ultima. te Load 
lb. 
53.? 090 
54J OOO 
55,100 
53,150 
53.? 150 
53.? 100 
53,150 
53.? 750 
50,900 
51.? 350 
50.? 700 
49,400 
52.? 080 
48,560 
47,790 
46,240 
44,100 
44,590 
"+1' 
;~ 
.-;-.;. 
~-' 
-,....,-
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TABLE 6 
Results of Preliminary Tests at Various Shear-Tension Ratios 
specimen .. Shear-Tension Ultimate Ultimate Stress Ultimate Ultimate Stress 
No. . Ratio Load in Based on Nominal Stress of Rivet -!l.. 
lb. Rivet Area, psi. Based on Ultimate Stress 
Hole Area of Rivet in 
psi. Tension 
(1) (2) (3) (4) (5) (6) 
p-8 0 1.0:0.0 37,050 61,600 
P-7 3·73 1. O:.O:~ 268 -36,600 60,900 
p-6 1·73 1.0:0·577 38,770 64,400 
P-ll 1·5D 1.0:0.668 38,700 64,400 
P-5 1.0 1.0:1.6- 41:-,350 68,700 
P-9 0.(£8 0.668:1.0 43,700 72,800 
p4 0.5T7 0.577:1.0 48,300 80,300 
P-I0 0.415 0.415:1.0 49,100 81,700 
P-3 00358 0.268:1.0 50,700 84,300 
P-1 0 0.0:1.0 52,350 86,800 
(4) Ultimate Stress Col. (5) .::.. Colo ..:.. 0 
of Rivet 0 Ultimate Ultimate 
. 
Ultimate Stress Stress of Stress of 
of Rivet in Rivet Stock Rivet Stock 
Shear Material* . Material + 
(7 ) (8) (9) 
10000 0.847 1.040 
00988 00838 1.028 
10046 0.887 1.087 
1.046 0.887 1.085 
1'0116 0·947 1.160 
1.179 1.001 1.227 
1·304 1.107 1·355 
1·325 1.124 1.380 
10368 1.162 1.422 
10413 10197 10465 
+ Ultimate Stress obtained from Mill Report 
= 59,340 psi. 
* Ultimate Stress obtained from Standard 
00505-in. Coupon Test = 63,250 pSi. 
53,600 0·708 
53,000 0·700 
56,100 0.741 
56,100 0.741 
59,900 00791 
63,300 0.836 
70,000 0·925 
71,100 0·939 
73,500 00971 
75,700 1.000 
(5) Col. - Axial . 
Ultimate ElongationJ 
Stress of percent 
Rivet Stock 
Material + 
(10) ~11) 
00905 4.7 
0.894 309 
0·945 7.8 
0.945 708 
1.01 904 
1.07 9. 4 
1.18 10·9 
1.20 15.6 
1.24 2003 
1028 3803 
Rivet Material: Rimmed Steel 
Rivet Diameter: 7/8 ino 
Rivet Grip: 2 ino 
Furnace Temperature: 1800 Deg.F 
Hand-pneumatic Driving Time: 
20 sec. 
Soaking Time: 21 min. 
TABLE 7 
SlJMMARY .OF TEST RESULTS OF SERIES 1 
-- - -
Gr1.p: I in. 
Specimen 
No. 
1a 6-03 
la ~4 
la 7-3 
la 7-6 
S : T 
Ratio 
lela : 0 
loa ~ 0 
1 0 0 ~ 0 
1 0 0 ;- 0 
Dri. ving: Hand-pneumatic 
Rivet 
Size 9 
in. 
3/4 
3/4 
7/8 
7/8 
Ultimate 
I.Ooo., 
lb o 
25,000 
25,050 
32 9 550 
32 9 750 
Bi vets: Cold Formed 
Ultimate Stress Based On 
Nominal Hole 
Area~ Size 9 
psi ~ psi 
56,500 
56,610 
549190 
549 530 
48,250 
48 9340 
47,200 
479490 
la 8-3 1.0 ~ 0 1 42 9400 549060 47~900 
la 8-10 1.0: 0 1 41 9 350 52,720 46 9 720 
__ ~ __ !v~r~g~ ________________ i5~'Z7~) _ _ i4Z,§5~) __ 
Ie 6-8 1.0 : 0.577 3/4 25,870 58,460 49 9 930 
Ie 6-10 100: 0.577 3/4 25,150 56 9 840 48 9 540 
Ie 7-10 1 0 0: 0~577 7/8 33 9250 55,360 48 9210 
Ie 7-2 1.0 : 0.577 7/8 339000 54,940 47,850 
Ie 8-8 1.0 : 0.577 1 42,300 53,900 479800 
Ie 8-6 loa : 0.577 I 41,800 53 9 290 47 2200 
_____ !v~r~g~ ________________ i5~9~7~) _ _ i4~,~5~) __ 
Ie 6-9 00577 : 1.0 
Ie 6-6 0.577 : 1.0 
Ie 7-4 00577 ~ 1.00 
Ie 7-8 00 577 ~ 1 0 0 
Ie 8-9 0 0 577 g. loa 
Ie 8-7 00577 : loa 
Average 
Ig 6~2 0 g 1 0 0 
19 6-7 a -~ 100 
19 7-5 a : 1.0 
Ig 7~7 a ~ loa 
19 8-5 o~: 1.0 
19 8-4 0 ~ loa 
Average 
3/4 
3/4 
7/8 
7/8 
1 
1 
3/4 
3/4 
7/8 
7/8 
1 
1 
30,200 
29 9350 
36,850 
37,950 
50 9 550 
49,000 
329430 
339650 
42 9320 
42,750 
56,130 
56,200 
68,250 
66,330 
619 350 
63,190 
64~450 
629480 
(64 9 340) 
73,290 
76 9 050 
709460 
71,180 
71 9 560 
71;650 
. (725)360) 
58.~280 
56,650 
53 9430 
55 9 030 
57 9120 
559370 
(55,980) 
62,590 
64 9 940 
61,360 
61,990 
63~20 
63 9 500 
-(62 9 970) 
./ 
TABLE 8 
S1lMMARYOF ~T RES!]LTS OF SERIES g 
, • I • I 
~: 1 in., Dri vi3lg: Hand-pneuma tie Bivets~ Hot ·Formed 
Specfinen S : T Rivet ! "Ultimate Ultimate ~ess Based On 
Size~ LOad~ Nominal: " Hole 
in~ lb •. .Area, Size~ 
Pfili psi 
2a 6-7 1.,0 & a 3/4 "25,200 56,950 48~640 
2a 6-4 1.0 t 0 3/4 23.,800 53.,790 45 9 930 
2a 7-3 1<10 ; 0 7/8 31~500 52,450 459 680 
2a 7c-4 l~b S' 0 7/8 32,200 53!)610 469690 
2.a 8-6 l~O ; 0 1 399600 50~90 449750 
-2a 8-7 1.0.~ 0 1 39,050 49,790 44,120 
Average (52 9840 ) (45,;g?0) 
-~-------~---------~~~-----~--~~~~--~ 
2c 600>10 140 ; 00 577 3/4 Z79030 61~090 52,170 
---- 2c~9 140 g 04 577 3/4 26~800 60~570 51~720 -
20 7-7 1.0 , 0.577 7/8 :34~280 57~080 49fj700 
2c 7~ 1.0 : 0,,577 7/8 32,,3°0 53,780 46~830 
2c 8-9 1.v0 z 0,,577 1 40,400 51t510 459650 
2c $.A5 laO : 0,,577 1 40.,930 52~180 46,250 
• 
Average (569 040) (489720) 
-~~------~-~~~---~--~~--~~~---~~--~--
2.e ~ 0.577 
· 
1 0 0 3/4 319750 71,750 61,280 
· 2e 6-.3 00 577 
· 
10 0 3/4 31~820 71,910 61~410 11 
2e 7 .... 1 0 0 577 ~ 1.0 r-f/~ "-'tl tlr.rI LI n':ll'l c:..(.....c:..c:..n ( C> -'7~UUU U.q..,7;';V .-IV 9.-1.-1'-' 
2e 7-9 00577 
· 
10 0 7/8 3991620 6590/10 57~50 .. 
2!) 8-8 Oom t" 1.0 1 47~380 60g410 53~540 
2e $ ... 10 0,,577 ~ laO 1 479330 60~340 5.3,480 
Ayerage (65,880) (57 ~280) 
-~~-~----~-~-~-----~----~~~~~~----~~-
2g 6-5 o : 1,,0 3/4 36~OOO 81§360 69g480 
2g ~2 o ~ 1.0 3/4 33~260 75fJ,170 64,190 
2g 70.$ o Q 100 7/8 45,500 750760 65~980 p 
2g /7-10 o • 1.0 7/8 44~OO 73 9930 64,380 
2g '8~2 o a p l~O 1 569 280 71<;760 63,590 
2g 8&3 o z 1.0 1 56 9200 71~650 63~500 
I 
Average H4~940) (65 9190) 
38. 
TABLE 9 
SllMM.ARY OF TEST RESULTS OF SERIES l 
Grip~ 5 in. Drivin~: Hand-pneumatic Bivetsg . Cold Formed 
Specimen S ~ T Rivet Ultimate Ultimate Stress Based On 
Noc Ratio Size, Load 9 . Nominal Hole 
ino Ib o Area9 Size 9 
psi psi 
.3a 6-2 1~0 g 0 3/4 229750 al~O 43 9 900 
3a 6-4 . 1.0 g 0 3/4 229770 519460 43 9 940 
3a 7=9 1.0 : 0 7/8 29 9700 49~450 43~C60 
3a. 7..:6 1.0 ~ 0 7/8 30(/370 50~566 44~040 
. -
3a 8a06 1 0 0 g 0 1 40,200 "519-255 45 9420 
~' 3a 8..,,9. 1 0 0 g 0 1 399400 509235 449520 
Average (50,730) (44 9 146 ) 
- -=- -- - - - -- - - - - - - - - - - - - - ~ - - - - - - - - - ~ - - - - - -
3c 6.,.,10 1.0 g 00 577 3/4 22 9820 51~570 44 9 040 
.3c 6~5 1~0 : 00577 3/4 23,300 529660 4490/70 
3c 7..,4 100 ~ 0.577 7/8 299 500 49 9100 42~770 
3c 7=10 1 0 0 : 00 577 7/8 29 9600 499 280 42 9 920 
3c 8=.3 1 0 0 g 0,,577 1 40~350 519440 45 9 590 
3c 8..,5 1 0 0 g 0~577 1 399470 50~32.0 44~600 
Average (50~728 ) (449150) 
3e 6...,9 0 0 577 0 1 0 0 3/4 26,250 59,320 509 660 0 
3e 6~ 0.577 0 1 0 0 3/4 27,500 62 9150 53,070 <1 
3e 7...,3 0 0 577 0 1 0 0 7/8 36,700 619100 53,210 0 
3e 7-8 00577 0 1 0 0 7/8 35,450 599 024 519400 0 
.38 7~5 0 0 577 . 1~0 7/8 35 g 340 589 840 519240 0 
3e 8~4 00 577 . 1 0 0 1 46 9 670 59,500 529740 c> 
3e 8-7 00 577 g 1 0 0 1 46,150 58 9840 529150 
Average (59 9 825 ) (529 070 ) 
_______________ .- _____ a.m ____ c;z;, ~ ~ __ I,-. _ c- ...... _ ..,. cc 
3g 6-7 0 ~ 1 0 0 3/4 28 9700 649860 55 9 390 
3g 6-8 0 ~ 1 0 0 3/4 29 9 600 66 9 900 57 9130 3g 6-3 0 ~ leO 3/4 28 9 000 63 9280 54~040 
3g 7-2 0 ~ 1 0 0 7/8 39 9400 65 9600 57,130 
3g 7~7 0 ~ 1 0 0 7/8 38,900 649770 56 9400 
3g 8-2 0 ~ leO 1 49,500 63,100 55 9 930 
3g 8-8 0 ~ 1 0 0 1 50;100 639'670 56 9610 
Average (64 9625) (56 51 090) 
39. 
TABLE 10 
_ Summary of Test Results of Series" 4 
Grip: 5-in. Driving:' --Hand.;..pneumatic Riverts: Hot Formed 
Specimen S : T Rivet ' Ultimate Ultimate Stress Based on 
Noo Ratio Size, Load:J Nominal Area Hole Size in. lb. psi. pSi. 
4a 6-2 1.0: 0 3/4 22:J 680 51,200 43,800 
4a 6-3 100: 0 3/4 23:J 150 52,200 44,600 
~' 4a 7~2 l.O: 0 7/8 32,100 53,400 46,500 
,~ 4a 7-5 1.0: 0 7/8 31,300 52,100 45,400 
~' 4a 7-8 1.0: 0 7/8 31,280 52]000 45,400 4a 8-1 1.0: 0 1 38:JI00 48]600 43,100 
4a 8-2 1.0: 0 1 38:J650 49,300 43,700 
.... -- 4a 8-.1l 1.0: 0 1 39~870 50,800 451. 000 '-, 
Average 51,200 44,690 
4c 6-10 100: 0·577 3/4 22,800 51 :J500 44,000 
4c 6-9 1.0~ 0·577 3/4 22,450 50,600 43:J300 
4c 7-3 1.0: 0·577 7/8 31 :J 800 52,900 46,200 
4c 7-6 1.0: 0·577 7/8 31,020 51,600 45,000 
4c 8-8 1.0: 0·577 1 38)860 49,500 43 9 800 
4c 8-3 1.0: 0·577 1 37:J 400 47,700 42~300 
4c 8-10 l.O: 0·577 1 38,750 49 2300 43 z700 
Average 50,440 44,040 
4e 6-8 0·571: 1.0 3/4 27,540 ' 62) 200 53,100 
4e 6-11 0·577; 1.0 3/4 26,900 60,800 51)800 
4e 7-4 0·577: i ft ..1. .v 7/P, ~ I ...., 40 J 1OO 66,700 58,100 
4e 7-10 0·577: 1.0 7/8 36,900 61,400 53,500 
4e 7-9 0~577: 100 7/8 37,300 62)000 54,100 
4e 8-7 -° ·577: 100 1 46,000 58,600 52,000 
4e 8-6 0·577: 1.0 1 46,700 59,500 52 2800 
Average 61,600 53,630 
4g 6-7 0 16,0 3/4 29,250 66,000 56,400 
4g 6-5 
° 
1.0 3/4 29,850 67,400 57,600 
4g 6-l 0 1.0 3/4 29)110 65)700 56,200 
4g 7-ll 0 100 7/8 40:J820 68,000 59,300 
4g 7-7 0 1.0 7/8 40,350 67,200 58}500 
4g 7-l 0 1.0 7/8 41:J000 68,200 59,400 
4g 8-9 0 ' r\ 1 49,910 63,700 56,500 .LoV 
4g 8-4 0 100 1 49,000 62,500 55,400 
4g 8-5 0 100 1 50,450 64,300 57 2000 
Average 65}890 57,370 
40" 
TABLE 11 
Summary of Test Results of Series 5 
Grlp: 2.-in. Driving: 
_. 
liand-pneumatic Rive.ts~. Cold Formed 
Specimen S : T Rivet Ultimate Ultimate Stress Based on 
Noo Ratio Size, Load, NomillBl A:.r:ea; Hole Size 
ino ].0. psi. psi. 
5a 6-9 100: 0 3/4 24,150 54~580 46,610 
5a 6-11 1.0: 0 3/4 24,500 55,370 47,280 
5a 7-5 1.0: 0 7/8 31;940 53,180 46,310 
5a 7-4 100: 0 7/8 31,0.20 51,650 44,980 
5a 8-2 1.0: 0 1 40,950 52,210 46,270 
5a 8-5 1.0~ 0 1 40~500 51,640 45 z760 Average 53,100 46,200 
5c 6-7 1.0~ 0·577 - 3/4 24 J 800 56,050 47~860 
5c 6-10 1.0: 0·577 3/4 24J350 55,030 46 J990 
5c 7-8 1.0: 00577 7/8 31,250 52;030 45;310 
5c 7-9 1.0~ 0.577 7/8 30,750 51;200 44;590 
5c 8-9 1.0: 00577 1 39,850 50,810 45,030 
5c 8-4 1.0: 0·577 1 40,600 51,160 45 z880 Average 52,810 45,940 
5e 6-8 00577: 1.0 3/4 29,480 66,620 56,890 
5e 6=2 0·577: 1.0 3/4 28,800 65,090 55,580 
5e 7-7 0·577: 1.0 7/8 37,780 62,900 54,780 
5e 7-6 0·577: 1.0 7/8 37;180 61,900 53,910 
5e 8-1 0.577: 1.0 1 49,220 62,750 55,620 
5e 8-6 04577:' 1.0 1 48,630 62,000 54,950 
Average 63,540 55~,290 _ 
5g 6-5 0 100 3/4 32;370 73,160 62,470 
5g 6-l 0 1.0 3/4 33,420 75,530 64,500 
5g 7-1 0 1.0 7/8 41,270 68,710 59,840 
5g 7-10 0 1.0 7/8 41,250 68 3 680 59~810 
5g 8-8 0 1,,0 1 54 J oOO 68,850 61,020 
5g 8-7 0 100 1 53,120 67,730 60 2020 
Average 70 3 440 61,280 
41. 
TABLE 12 
Su~y of Tests Results of Series 6 
Grip: 3-in. Driving: . Hand-pneumatic Rivetsd Cold Formed 
S : T Rivet Ultimate Ul timate . Stress ' . .Based on 
Ratio Size, Load, Nominal Area, Hole Size 
in. lb. psi. pS"i. 
6a 6-5 l.O: 0 3/4 24,140 54,550 46,590 
6a 6-9 1.0: 0 3/4 23,920 54,060 46,1-6D 
6a 7-9 1.0:. 0 7/8 30,900 51,450 44,800 
6a 7-..3 1.0: 0 7/8 30,700 51,110 44,510 
--:-r._' 6a 8-3 l.O: 
° 
1 40,240 51,310 45,470 :§ 
-::ifr, 6a 8-6 1.0: 0 1 40,050 51,070 45 z260 ~ 
~ .. Average 52,260 45,460 
6c 6-7 1.0: 0·577 3/4 24,050 54,350 46,420 
6c 6-3 1.0: 0·577 3/4 23,900 54,010 46,130 
'"t~" 6c 7-8 1.0: 0·577 7/8 31,150 51,860 45,170 
""':w.. 6c 7-7 1.0: 0·577 7/8 31,850 53,030 46,180 
6c 8-1 '1.0: 0·577 1 41,400 52,780 46,780 
6c 8-8 1.0: 0·577 1 40,280 51,360 45 z510 
Average 52,900 46,Q30 
6e 6-6 0·577: 1.0 3/4 28,530 64,480 55,060 
6e 6-4 0·577: 1.0 3/4 28,500 64,410 55,000 
6e 7-5 0·577: 100 7/8 38,040 63,330 55,160 
6e 7-7 0·577: 1.0 7/8 38,190 63,580 55,370 
6e 8-10 0·577: 1 .. 0 1 47,700 60,820 53,900 
6e 8-7 0·577: 1.0 1 49,900 63,620 56z390 
Average 63,370 55,150 
6g 6-1 0 :' 1.0 3/4 31,600 71,400 60,990 
6g 6-8 0 o . 1.0 3/4 33,080 74,760 63,84:0 
6g 7-1 
° 
1.0 7/8 41,870 69,710 60,710 
6g 7-4 
° 
100 7/8 41,100 68,430 59,590 
6g 8-4 
° 
1.0 1 53,370 68,050 60,310 
6g 8-5 0 1.0 1 53,450 68,150 60 2400 
Average 70,080 60,970 
42 • 
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TABLE 13 
Summary of Test Results of Series 9 
. Grip;_ 5.;.1n • Drivins: Machine Rivets:' Cold Formed 
-- . S : T Rivet Ultimate Ultimate Stress~Based on' specl.men 
Noo Ratio Size; Load, Nominal .. Area~ Hole Size 
, .. 
in. lb 0 psi. psi. 
-
98 6~i 100: 0 3/4 22~330 50~465 43,090 
98 6-6 1.O~ 0 3/4 22,050 49,830 42,550 
98 7-1 100: 0 7/8 29~660 49,380 43,010 
9a 7~6 1.0: 0 7/8 28,600 47,620- 41~470 
98 8-1 1.0: 0 1 37,250 47,490 42,090 
--';;'.'-~ 98 8-6 1.0~ 0 1 37,750 48z130 42 z660 , " 
~~. Average 48 2 820 42,480 
9c 6-5 1.0~ 0·577 3/4 23,200 52)1430 44~780 
9c 6-4 1.0; 00577 3/4 23)1220 52,480 44 810 
.9 
~::--. 9c 7-7 1 oO~ 00577 7/8 28,900 48:;120 41)1900 r;'~ 
. ~;.~. 9c 7~8 10O~ 0·577 7/8 29;500 49~120 42,770 
-
:j 9c 8-3 100: 00577 1 37,340 47,00D 42,190 
9c 8-9 100: 0·577 1 37)1150 47,370 41z98O 
Average 49,520 43)1070 
ge 6-7 0.577: 1.0 3/4 27,030 61,090 52,170 
ge 6-3 00577: 1.0 3/4 27,500 62,150 53,080 
ge 7-3 0·577: 1.0 7/8 34,000 56,610 49:/300 
ge 7-9 0·577: 1.0 7/8 34;800 57,940 50,460 
ge 8-7 0.577: 100 1 43;480 55;440 49~130 
ge 8-8 00577: 1.0 1 44;270 56z 440 - 50fj020 
Average 58~280 50,690 
9g 6-2 0 1.0 3/4 28:;730 64,930 55,450 
9g 6-8 0 1.0 3/4 29.9 430 66~51I 56:;800 
9g 7-2 0 100 7/8 39:;130 65:;150 56,740 
9g 7-4 0 100 7/8 37:;900 63,100 54:;950 
9g 8-4 0 100 1 48,440 61,760 54,740 
9g 8-10 0 100 1 48;1200 61,450 54~470 
AV,erage 63,9820 55;1520 
43~ 
TABLE 14 
Summary of Test Results of Series 10 
Grip: 5-in .. Drivin~: Machine Rivets: Hot Formed 
Specimen S : T Rivet Ultimate Ultimate Stress Based' on' 
No. Ratio Size, Load, Nominal Area, Hole Size 
in. lb. psi. psi. 
lOa 6-'1 1.0: 0 3/4 23,350 52,770 45,070 
lOa 6-11 1.0: 0 3/4 22,950 51,870 44,290 
lOa 7-1 1.0: 0' 7/8 30,150 50,200 43,720 
lOa 7-10 1.0: 0 7/8 29,000 48,280 42,050 
lOa 7-11 100: 0 7/8 27,550 45,870 39,950 
." .......... lOa 8<-31 1.0: 0 1 37,000 47,180 41,810 
lOa 8-11 1.0: 0 1 36,400 46,410 41~130 
-::.:.;;,. Average 48,940 42,570 - --
lac 6-4 1.0: 0·577 3/4 23,780 53,740 45,8~O 
10c 6-6 1.0: 0·577 3/4 23,900 54,010 46,1' 0 
10c 7-3 100: 0·577 7/8 30,170 50,230 43,750 
10c 7-5 1:~0: 0·577 7/8 29,600 49,280 42,920 
10c 8-4 1.0: 0·577 1 37,880 48,300 42,800 
10c 8-6 1.0: 0·577 1 38,500 49 2 090 43~500 
Average 50,770 44,160 
10e 6-7 0·577: 1.0 3/4 27,850 62,940 53,750 
10e 6-8 0·577: 1.0 3/4 27,820 62,870 53,690 
10e 7-6 0·577: 1.0 7/8 35,320 58,810 51,210 
10e 7-7 0·577: 1.0 7/8 35,520 59,140 51,500 
10e 8-5 0·577: 1.0 1 44,150 56,290 49,890 
10e 8-7 0·577: 1.0 1 43,770 55,800 49~460 
Average 59,310 51,580 
109 6-2 0 1.0 3/4 29,910 67,590 57,730 
109 6-9 0 1.0 3/4 30,300 68,480 58,480 
109 7-~ a 1.0 7/8 38,760 64,530 56,200 
109 7-9 0 1.0 7/8 38,950 64,850 56~480 
109 8-2 0 1.0 1 48,3'20 61~610 54;600 
109 8-10 0 100 1 48,600 61,960 542920 
Average 64,840 56,400 
44. 
TABLE 15 
Average Interaction Data for all Series 
of Primary Test Program 
Series Shear-Tension Ult. Stress Col. (3) -;-Ult. Col.(3) -:-Ult. Col. (3) -;-Ult. 
Number Ratio Based on Strength of S"Lrength of Strength of 
Hole Area, Rivet in Rivet Rivet in 
10001s psi. Tension Coupon Shear 
(1) (2) (3) (4) (5) (6) 
1 1.0:0.0 47.65 0·757 0.839 1.0 
2 1.0:0.0 45·97 0·705 0.803 1.0 
3 1.0:0.0 44.15 0.787 0·777 1.0 
4 1.0:0.0 44.69 0·779 0.781 1.0 
5 1.0:0.0 46~20 0·754 0.813 1.0 
6 1.0:0.0 45·46 0.746 0.800 1.0 
9 1.0:0.0 42.48 0·765 0.748 1.0 
10 100:0.0 42·57 0·755 0.744 1.0 
Average 44.89 .756 .785 1.0 
1 1.0:0·577 48.25 0.766 0.850 1.012 
2 1.0:0·577 48.72 0.147 0.851 1.059 
3 1.0:0·577 44.15 0.787 0·777 1.000 
4 1.0:0.577 44.04 -0·770 0·769 0·990 
5 1.0:0·577 45·94 0.749 0.809 0·994 
6 1.0:0·577 46.03 0·755 0.810 1.013 
9 1.0:0·577 43·07 0.776 0.758 1.014 
10 1.0:0·577 44.16 0·783 0.772 1.035 
Average 45.54 .767 0·799 1.015 
1 _ 0.577: 1.0 55·98 0.88y 0.986 1.175 
2 0·577:1.0 57·28 0.879 1.001 1.245 
3 0·577:1.0 52.07 0·928 0·917 1.180 
4 0.577: 1_.0 53·36 0·930 0·937 1.195 
5 0·577:1.0 55·29 0·902 0·973 1.197 
6 0·577:1.0 55·15 0·904 0·971 1.214 
9 0·577:1.0 50.69 0·913 0.892 1.193 
10 0·577:1.0 51·58 0·915 O·YOI 10208 
Average 53·92 ·907 0.947 1.201 
1 000:100 62·97 1.0 1.109 1·321 
2 0.0:100 65.19 1.0 1.139 1.418 
3 0.0:1.0 56.09 1.0 0·988 1.273 
4 0.0:1.0 57·36 1.0 1.002 1.285 
5 0.0:1.0 61.28 1.0 1.079 1·326 
6 0.0:1.0 60·97 1.0 1.073 1·341 
9 0.0:1.0 55·52 1.0 0·977 10307 
10 000:1.0 56.40 1.0 0·985 1·322 
Average 59·47 1.0 1.044 1.324 
series 
No. 
--
1 
2 
3 
4 
5 
6 
9 
10 
Average 
for all 
Series 
TABLE 16 
Comparison of Test Data with Ellipse 
B~sed on Rivet Tensile Strength 
(Values are the Ultimate Strength Based on Hole Area~ 
Rivet Tensile Strength) 
S : T = 0.577:1.0 
Ave. for ~o Deviation 
Series from ellipse 
(0.912) 
0.889 
- 2·5 
0.879 - 3·6 
0.928 + 1·7 
0·930 + 2.0 
00902 - 1.1 
0.904 
- 0·9 
0·913 + 0.1 
0·915 + 0·3 
0·907 - 0·5 
Applied Shear 
S : T = 1.0:0.577 
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rABLE 17 
Comparison of Test Data with Ellipse 
Based on Coupon Tensile Strength 
(Values are the Ultpaate S~ngth Based on Hole Area-:-
Coupori Teasile Strength) , 
series, ,,~ ~', T ::: 0:1.0 
"0 . 'Ave ~~'Nr ~ Deti.ation 
s.~ tro~ ~llipse 
1 
2 
:; 
4 
5 
6 
9 
10 
Average 
for all 
1.1'09 
1.139 
0·988 
1.002 
l.079 
10073 
O·9TI 
00985 
(1.'044) 
, '+'~2 
+ ',9.~ 
- 5.~4 
- 4.'~ 
+ 3·3 
+ 208 
- 6.4 
- 7.~t) 
Applied Shear 
S : T = 0.577:1.0 
Ave. for 9'0 Deviation 
Series f:-a. ellipse 
0.986 
l'rOOl 
l)-.911 
0·937 
0·973 
O·9n 
'9,.-892 
0-921 , 
'(0'·955) 7 
+',.2 
+ 4.8 
- 4.0 
- 10' 
+ 1., 
+ 1 .. 7 
, - 6.6 
- 5·6 
TensioD R4tiQ 
S : T = 1.0:00577 
Ave. ~or '0 Devi&tion 
Series' !'rom, ellipse 
(0.827) 
4 
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6·769 
0.809 
0.810 
O~758 
O·TI2 
+ 2.8.' 
+ 2·9 
- 6.0 
- 7~O 
- 2a2 
- 2.0 
- 803 
- 6.6 
~~, I kries ,~ .Q4.4. , ' .. ,0.0 0·947 -\.-0 .• 8 - }&4 
-~W' 
~~~ .. 
r 
Series S : T ~ 1.e:O.O ' 
No. Ave o . .for -, op ~viation 
Series ,from Ellipse 
. ('0.]85) 
1 00839 
2 0,,803 
3~' 00777 
4 ',0.781 
5 " 0081', 
6 , ,0.800 
9 00748 
10 0 .. 74.4 
Average 
far all 
Series 00785 
..... 
+ 6.9 
+ 203 
-' },'oO 
-005 
+ 306 
+l·9 
- 4 .. 7 
- 5.2 
0.0 
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Comparison of Test Data with Ellipse 
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